GABAergic activation in the lateral parabrachial nucleus (LPBN) induces sodium and water intake in satiated and normovolemic rats. In the present study we investigated the effects of GABA A receptor activation in the LPBN on 0.3 M NaCl, water, 2% sucrose and food intake in rats submitted to sodium depletion (treatment with the diuretic furosemide subcutaneously + sodium deficient food for 24 h), 24 h food deprivation or 24 h water deprivation. Male Holtzman rats with bilateral stainless steel cannulas implanted into the LPBN were used. In sodium depleted rats, muscimol (GABA A receptor agonist, 0.5 nmol/0.2 l), bilaterally injected into the LPBN, produced an inconsistent increase of water intake and two opposite effects on 0.3 M NaCl intake: an early inhibition (4.3 ± 2.7 versus saline: 14.4 ± 1.0 ml/15 min) and a late facilitation (37.6 ± 2.7 versus saline: 21.1 ± 0.9 ml/180 min). The pretreatment of the LPBN with bicuculline (GABA A receptor antagonist, 1.6 nmol) abolished these effects of muscimol. Muscimol into the LPBN also reduced food deprivation-induced food intake in the first 30 min of test (1.7 ± 0.6 g versus saline: 4.1 ± 0.6 g), without changing water deprivation-induced water intake or 2% sucrose intake in sodium depleted rats. Therefore, although GABA A receptors in the LPBN are not tonically involved in the control of sodium depletion-induced sodium intake, GABA A receptor activation in the LPBN produces an early inhibition and a late facilitation of sodium depletion-induced sodium intake. GABA A activation in the LPBN also inhibits food intake, while it consistently increases only sodium intake and not water, food or sucrose intake.
Introduction
The inhibitory neurotransmitter ␥-aminobutyric acid (GABA) is widely distributed through the central nervous system binding to two receptor subtypes: GABA A and GABA B [9, 26, 7, 6, 3] .
Studies have shown different effects of GABAergic mechanisms on ingestive behaviors depending on the central area tested. Injections of muscimol (GABA A receptor agonist) or baclofen (GABA B receptor agonist) into the nucleus accumbens shell of rats induced food and sucrose intake without affecting water, saline or saccharin intake [4, 39] . However, injected into [33] . Bilateral injections of the serotonergic antagonist methysergide into the LPBN strongly increases water and hypertonic sodium chloride (NaCl) intake induced by 24 h sodium depletion, deoxicorticosterone (DOCA) or treatment with the diuretic furosemide combined with a low dose of the angiotensin converting enzyme inhibitor captopril, while injections of the 5HT 2A/2C serotonergic receptor agonist DOI (2,5-dimetoxy-4-iodoamphetamine hydrobromide) into the LPBN reduce water and NaCl intake induced by DOCA or furosemide + captopril [11, 29, 31] . A recent study has also shown that activation of GABA A receptors by bilateral injections of muscimol into the LPBN induces a large 0.3 M NaCl intake and also a slight ingestion of water in satiated and normovolemic rats [8] . Additionally, the activation of serotonergic 5HT 1B receptors into the LPBN reduced food intake [37, 25] , while midazolam (benzodiazepine receptor agonist) into the parabrachial nucleus (PBN) increased food intake [38] . Moreover, voluntary sucrose intake induced c-fos protein (a neuronal activity marker) production into the medial and lateral PBN in rats [40] .
A dense plexus of GABA-immunoreactive varicosities have been shown throughout the PBN and Kolliker Fuse (KF) complex and different subunits of GABA A receptors are differently distributed along PBN/KF complex [15] . It was also already shown the presence of GABA A receptors in the LPBN [3, 17, 35] .
Although a previous study has already shown that activation of GABA A receptors into the LPBN induces sodium and water intake in satiated rats [8] , the possible effects of GABA A receptor activation in the LPBN on sodium depletion-induced NaCl intake and on sucrose and food intake have not been tested yet. Therefore, in the present study, we investigated the effects of GABA A receptor activation in the LPBN on water, 0.3 M NaCl and 2% sucrose intake in 24 h sodium depleted rats, water intake in 24 h water deprived rats and food, water and 0.3 M NaCl intake in 24 h food deprived rats.
Material and methods

Animals
Male Holtzman rats weighing 300-320 g were used. The animals were housed in individual stainless steel cages with free access to normal sodium diet (Guabi Rat Chow, Paulinia, SP, Brazil) and water. Free access to 0.3 M NaCl or 2% sucrose solution was allowed for rats that had the ingestion of these solutions tested. Room temperature was maintained at 23 ± 2 • C, and humidity at 55 ± 10% on a 12:12 light-dark cycle with light onset at 07:30 a.m. The Ethical Committee for Animal Care and Use from Dentistry School of Araraquara, UNESP approved the experimental protocols used in the present study.
Cerebral cannulas
Rats were anesthetized with subcutaneous (sc) injection of ketamine (80 mg/kg of body weight) combined with xylazine (7 mg/kg of body weight) and placed in a Kopf stereotaxic instrument. The skull was leveled between bregma and lambda. Stainless steel 23-gauge cannulas were implanted bilaterally into the LPBN using the following coordinates: 9.4 mm caudal to bregma, 2.2 mm lateral to the midline, and 4.3 mm below the dura mater. The tips of the cannulas were positioned at a point 2 mm above each LPBN. The cannulas were fixed to the cranium using dental acrylic resin and watch screws. Metal obturators (30-gauge) filled the cannulas between tests. After the surgery, the rats were allowed to recover for 5 days before starting ingestion tests.
Injections into the LPBN
Bilateral injections into the LPBN were made using 5-l Hamilton syringes connected by polyethylene tubing (PE-10) to 30-gauge injection cannulas. At the time of testing, obturators were removed and the injection cannula (2 mm longer than the guide cannula) was carefully inserted into the guide cannula, and manual injection was initiated approximately 20 s later. For bilateral injections, the first injection was initially performed in one side, the needle was withdrawn and repositioned in the contra-lateral side, and then the second injection was made. Therefore injections were made ∼1 min apart. The injection volume into the LPBN was 0.2 l in each site. The obturators were replaced after the injections, and the rats were placed back into their cage.
Drugs
Furosemide (Sigma Chem., St. Louis, MO, USA) was administered sc at 20 mg/kg of body weight. The drugs injected into the LPBN were muscimol HBr purchased from Research Biochemicals Internationals (RBI, Natick, MA, USA) and bicuculline and CGP 35348 purchased from Tocris (Ellisville, MO, USA). Muscimol HBr (GABA A receptor agonist) and CGP 35348 (GABA B receptor antagonist) were dissolved in saline and bicuculline (GABA A receptor antagonist) was dissolved in a mix of propylene glycol/water 2:1 (vehicle).
The doses of muscimol (0.5 nmol/0.2 l) and bicuculline (1.6 nmol/0.2 l) were based on previous study [8] . The dose of CGP 35348 (50 nmol/0.2 l) was based on preliminary results that showed that CGP 35348 at this dose abolished the effects of GABA B receptor agonist (baclofen) on sodium intake in satiated and normovolemic rats, so CGP 35348 was used in a dose enough to abolish the effects of its agonist.
Sodium and water intake in 24 h sodium depleted rats
Besides water and food pellets, rats had access to 0.3 M NaCl for at least 5 days before the beginning of the experiments. One day before the tests, rats were treated with sc furosemide (20 mg/kg of body weight) and maintained for 24 h with sodium deficient food (powdered corn meal, 0.001% sodium, 0.33% potassium) and water. Twenty-four hours after furosemide, water and sodium deficient food were removed from the cage, rats received bilateral injections of muscimol (0.5 nmol/0.2 l) or saline into the LPBN and 15 min later had access to water and 0.3 M NaCl, (2-bottle test), but not food. Rats were tested in their home cages. Water and 0.3 M NaCl were provided from burettes with 0.1-ml divisions that were fitted with metal drinking spouts.
Sodium, water and food intake in 24 h food-deprived rats
Besides water and food pellets, rats had access to 0.3 M NaCl for at least 5 days before the beginning of the experiments. Rats had food removed, but water and 0.3 M NaCl available for 24 h. After this period, the burettes with water and 0.3 M NaCl were removed and the animals received bilateral injections of muscimol (0.5 nmol/0.2 l) or saline into the LPBN. Fifteen minutes after the injections into the LPBN, the animals had free access to water, 0.3 M NaCl and a pre-weighted amount of regular chow pellets. Cumulative water, 0.3 M NaCl and food intakes were measured at every 30 min during 240 min. All the chow spillage under the cages was recovered at every measurement to calculate food intake.
Water intake in 24 h water deprived rats
Rats had water removed, but food available for 24 h. After this period, food was removed and the animals received bilateral injections of muscimol (0.5 nmol/0.2 l) or saline into the LPBN. Fifteen minutes after the injections into the LPBN, the animals had free access to graduated burettes with water. Cumulative water intake was measured at 15 min and after every 30 min during 240 min.
Sodium, water and 2% sucrose intake in 24 h sodium depleted rats
To test the specificity of the effects of muscimol into the LPBN on sodium and water intake, besides water and 0.3 M NaCl, one group of sodium depleted rats had also access to 2% sucrose.
Besides water and food pellets, rats had access to 0.3 M NaCl and 2% sucrose for at least 5 days before the beginning of the experiments. After 5 days, rats were treated with sc furosemide (20 mg/kg of body weight) and maintained for 24 h with sodium deficient food (powdered corn meal, 0.001% sodium, 0.33% potassium) and water. After 24 h, rats received bilateral injections of muscimol (0.5 nmol/0.2 l) or saline (0.2 l) into the LPBN and 15 min later had access to water, 0.3 M NaCl and 2% sucrose (3-bottle test). Cumulative water, 0.3 M NaCl and 2% sucrose intakes were measured at 15 min and after every 30 min during 180 min.
Histology
At the end of the experiments, animals received bilateral injections of 2% Evans blue solution (0.2 l) into the LPBN. They were then deeply anesthetized with thiopental sodium (80 mg/kg of body weight) and perfused transcardially with saline followed by 10% formalin. The brains were removed, fixed in 10% formalin, frozen, cut in 50-m serial coronal sections, stained with Giemsa, and analyzed by light microscopy to confirm the injection sites into the LPBN.
Statistical analysis
Results were analyzed for each interval of test (0-15 min, 15-30 min and every 30 min until the end of the test that lasted 180-240 min). The total intake during the whole period of test was also analyzed. The results are reported as means ± S.E.M. The intake at the different intervals after different treatments was analyzed by two way repeated measures ANOVA and Fisher's LSD. One-way ANOVA or t-test were used to compare the total of ingestion after different treatments. Differences were considered significant at p < 0.05.
Experimental protocols 2.11.1. Effects of muscimol combined with bicuculline into the LPBN on 0.3 M NaCl and water intake in sodium depleted rats
To test the effects of the GABA A receptor agonist muscimol combined with the GABA A receptor antagonist bicuculline on sodium and water intake, 24 h sodium depleted rats received the following treatments into the LPBN: vehicle + saline, vehicle + muscimol, bicuculline + saline and bicuculline + muscimol. Water and 0.3 M NaCl intakes were measured at 15, 30, 60, 90, 120, 150 and 180 min after bilateral injections of muscimol or saline into the LPBN. In each test, the group of rats was divided in two and half of the group received one treatment into the LPBN and the remaining animals received another treatment into the LPBN. The sequence of the treatments into the LPBN in each rat in different tests was randomized and at the end of the experiments each rat received all the four treatments.
A recovery period of at least 3 days was allowed among tests. One group of 43 naïve rats was used to test the effects of the combination of muscimol and bicuculline into the LPBN on sodium and water intake and the histological analyses showed that 7 of these rats had bilateral injections correctly placed into the LPBN.
Effects of muscimol combined with CGP 35348 into the LPBN on 0.3 M NaCl and water intake in sodium depleted rats
To test the effects of muscimol combined with the GABA B receptor antagonist CGP 35348 on sodium and water intake, 24 h sodium depleted rats were submitted to the same protocol described above for the combination of muscimol and bicuculline, except that CGP 35348 was injected into the LPBN instead of bicuculline. A recovery period of at least 3 days was allowed among tests.
One group of 23 naïve rats was used to test the effects of the combination of muscimol and CGP 35348 into the LPBN on sodium and water intake and the histological analyses showed that 7 of these rats had bilateral injections correctly placed into the LPBN.
Effects of muscimol into the LPBN on food, 0.3 M NaCl and water intake in 24 h food-deprived rats
Rats that had food removed, but water and 0.3 M NaCl available for 24 h, received bilateral injections of muscimol (0.5 nmol/0.2 l) or saline into the LPBN and 15 min later had access to water, 0.3 M NaCl and food. Water, 0.3 M NaCl and food intakes were measured at 30, 60, 90, 120, 150, 180, 210 and 240 min after bilateral injections of muscimol or saline into the LPBN. The group was submitted to two tests and in each test, the group of rats was divided in two. In the first test, half of the group received muscimol into the LPBN and the remaining animals received saline into the LPBN. In the next test the rats received the same treatments into the LPBN in a counterbalanced design. A recovery period of at least 3 days was allowed between the tests.
One group of 12 naïve rats was used to test the effects of muscimol into the LPBN on sodium, water and food intake and the histological analyses showed that 8 of these rats had bilateral injections correctly placed into the LPBN.
Effects of muscimol into the LPBN on water intake in 24 h water-deprived rats
Rats that had water removed from the cage 24 h before, received bilateral injections of muscimol (0.5 nmol/0.2 l) or saline into the LPBN and 15 min later had access to water. Water intake was measured at 15, 30, 60, 90, 120, 150, 180, 210 and 240 min after bilateral injections of muscimol or saline into the LPBN. The group of rats was submitted to two tests and in each test, the group of rats was divided in two. In the first test, half of the group received muscimol into the LPBN and the remaining animals received saline into the LPBN. In the next test the rats received the same treatments into the LPBN in a counterbalanced design. A recovery period of at least 3 days was allowed between the tests.
One group of 23 naïve rats was used to test the effects of muscimol into the LPBN on water intake and the histological analyses showed that 9 of these rats had bilateral injections correctly placed into the LPBN.
Effects of muscimol into the LPBN on sodium, water and 2% sucrose intake in sodium depleted rats
Rats submitted to 24 h sodium depletion (furosemide + sodium deficient diet for 24 h) received bilateral injections of muscimol (0.5 nmol/0.2 l) or saline into the LPBN. Water, 0.3 M NaCl and 2% sucrose intakes were measured at 15, 30, 60, 90, 120, 150 and 180 min after bilateral injections of muscimol or saline into the LPBN. The group of rats was submitted to two tests and in each test, the group of rats was divided in two. In the first test, half of the group received muscimol into the LPBN and the remaining animals received saline into the LPBN. In the next test the rats received the same treatments in a counterbalanced design.
A recovery period of at least 3 days was allowed between tests. One group of 38 naïve rats was used to test the effects of muscimol into the LPBN on sodium, water and 2% sucrose intake and the histological analyses showed that 7 of these rats had bilateral injections correctly placed into the LPBN. Fig. 1 shows the typical LPBN injection sites. Most of the injections were into the central lateral and dorsolateral portions of the LPBN (see [14] for definitions of LPBN subnuclei). Some of the injections reached the ventral lateral and external lateral portions, as well as the Kolliker-Fuse nucleus, and in some rats, injections also spread to the brachium (superior cerebellar peduncle), or slightly ventral to this structure, reaching the dorsal portions of the medial parabrachial nucleus (MPBN) uni or bilaterally. There was no difference in the effects whether injections were restricted to the LPBN or also spread to brachium and dorsal portions of MPBN.
Results
Histological analysis
Effects of bilateral injections of muscimol alone or combined with bicuculline or CGP 35348 into the LPBN on sodium depletion-induced 0.3 M NaCl intake
Muscimol (0.5 nmol/0.2 l) injected bilaterally into the LPBN in 24 h-sodium depleted rats produced two opposite effects on 0.3 M NaCl intake: an early inhibitory effect in the first 15 min of test and a facilitation of sodium intake from 30 to 120 min of test [F(3,18) = 7.1; p < 0.005] (Fig. 2A) . Simultaneously to changes in sodium intake, muscimol into the LPBN in 24 h-sodium depleted rats, also increased water intake from 60 to 120 min of test [F(3,18) = 6.7; p < 0.005] (Fig. 2B) . The total intake of 0.3 M NaCl and water during the whole test increased after muscimol into the LPBN (Fig. 2C and D, respectively) .
Previous injections of the GABA A antagonist bicuculline (1.6 nmol/0.2 l) into the LPBN abolished the effects of muscimol on sodium and water intake (Fig. 2) . The pretreatment with the GABA B receptor antagonist CGP 35348 (50 nmol/0.2 l) did not modify the inhibitory or the facilitatory effects of muscimol into the LPBN on 0.3 M NaCl intake [F(3,18) = 3.9; p < 0.05] (Fig. 3A and C) . In the group of rats treated with muscimol combined with CGP 35348, water intake was not modified by muscimol into the LPBN [F(3,18) = 2.3; p > 0.05] (Fig. 3B and D) .
Bicuculline (1.6 nmol/0.2 l) or CGP 35348 (50 nmol/0.2 l) injected alone into the LPBN did not affect 0.3 M NaCl intake or water intake (Figs. 2 and 3) .
Effects of bilateral injections of muscimol into the LPBN on water, 0.3 M NaCl and food intake by 24 h food deprivation
In 24 h food deprived rats, muscimol (0.5 nmol/0.2 l) bilaterally injected into the LPBN induced 0.3 M NaCl intake in the last 2 h of test [F(1,7) = 7.0; p < 0.05] (Fig. 4A) , increased water intake in the last 30 min of test (Fig. 4B ) and reduced food intake in the first 30 min of test (Fig. 4C) . ANOVA showed significant interaction between treatments and times for water intake [F(7,49) = 2.5; p < 0.05] (Fig. 4B ) and food intake [F(7,49) = 4.0; p < 0.005] (Fig. 4C) . The total intake of 0.3 M NaCl increased after muscimol into the LPBN (Fig. 4D) , without changing the total of water (Fig. 4E ) and food ingested (Fig. 4F) .
Effects of bilateral injections of muscimol into the LPBN on water intake by 24 h water deprivation
Bilateral injections of muscimol (0.5 nmol/0.2 l) into the LPBN did not affect 24 h water deprivation-induced water intake [F(1,8) = 2.8, p > 0.05] (Fig. 5) .
Effects of bilateral injections of muscimol into the LPBN on water, 0.3 M NaCl and 2% sucrose intake in sodium depleted rats
Bilateral injections of muscimol (0.5 nmol/0.2 l) into the LPBN in 24 h sodium-depleted rats that had access to 0.3 M NaCl, water and 2% sucrose simultaneously, reduced 0.3 M NaCl intake in the first 15 min, increased it from 30 to 90 min [F(1,6) = 10.4, p < 0.05] (Fig. 6A) and had no effects on water (Fig. 6B) or 2% sucrose intake [F(1,6) = 0.6, p > 0.05] (Fig. 6C) . Muscimol into the LPBN increased the total intake of sodium (Fig. 6D) , without changing the total intake of water (Fig. 6E ) or 2% sucrose (Fig. 6F) .
Discussion
The present results show that bilateral injections of muscimol into the LPBN produce dual effects on sodium depletioninduced sodium intake: an early inhibition (in the first 15 min of test) and a late facilitation of 0.3 M NaCl intake (from 30 to 120 min of test). Both effects of muscimol are abolished by previous injections of the GABA A receptor antagonist bicuculline, but not CGP 35348 (GABA B receptor antagonist) into the LPBN, suggesting that these effects on sodium intake depend on GABA A receptor activation in the LPBN. The blockade of GABA A or GABA B receptors with bilateral injections of bicuculline or CGP 35348, respectively, into the LPBN produces no change on sodium or water intake in sodium depleted rats, suggesting that GABAergic mechanisms in the LPBN do not tonically inhibit or facilitate these behaviors in sodium depleted rats.
Muscimol bilaterally injected into the LPBN induces a small ingestion of water (around 5 ml) in satiated rats [8] . In the present study, muscimol into the LPBN did not consistently increase water intake when 0.3 M NaCl and food or sucrose were simultaneously available. Water deprivation-induced water intake was also not significantly affected by muscimol into the LPBN. Therefore, it seems that water intake after muscimol injections into the LPBN in sodium depleted rats could be secondary to an increase in plasma osmolarity due to the excessive ingestion of hypertonic NaCl. However, since muscimol induced a slight ingestion of water in satiated rats, it is not possible to discard that at least part of the intake could be a direct effect of GABAergic activation in the LPBN.
When besides 0.3 M NaCl and water, sodium depleted rats had also access to 2% sucrose solution, muscimol into the LPBN again produced significant dual effects on sodium intake and only a tendency to reduce sucrose intake in the first 15 min and to increase it from 60 to 90 min of test. In food deprived rats that had access to food, 0.3 M NaCl and water, muscimol into the LPBN significantly increased sodium intake as previously demonstrated in water-repleted normovolemic rats [8] and reduced food intake in the first 30 min of test. Therefore, although different ingestive behaviors (at least sodium and food intake) are inhibited by GABA A receptor activation in the LPBN, the facilitation of sodium intake in sodium depleted rats is not due to non-specific effect of GABA A activation of the LPBN on all ingestive behaviors.
It has been shown that GABAergic activation in different central areas increases sucrose solution intake [4, 18] . The parabrachial nucleus also participates in the control of sucrose intake. Injection of midazolam (benzodiazepine receptor agonist) into the parabrachial nucleus increases 3% sucrose consumption in satiated rats [16] and c-fos protein expression increases in the lateral and medial parabrachial nucleus after voluntary ingestion of sucrose by rats [40] . However, in sodium depleted rats, the present results show that GABA A receptor activation in the LPBN increases sodium intake with only a tendency to reduce sucrose intake in the first 15 min and increase it from 30 to 90 min of test.
Central GABAergic mechanisms and the PBN are also involved in the control of food intake [36, 13, 37, 21, 25, 43, 39] . The present results show that muscimol into the LPBN reduced 24 h food deprivation-induced food intake in the first 30 min of test. Taken together, the results on food and sucrose intake and water deprivation-induced water intake in rats injected with muscimol into the LPBN reinforce the proposal that the facilitatory effect of muscimol on sodium intake is not a result of general activation of ingestive behavior. On the other hand, the inhibitory effect of muscimol on food deprivationinduced food intake may suggest a non-specific inhibitory effect of muscimol on ingestive behavior, but the absence of inhibitory effects of muscimol on sucrose intake and on water intake in 24 h water deprived rats suggests that the early inhibitory effect of muscimol on sodium depletioninduced sodium intake is not secondary to any locomotor impairment.
At the end of 3 h of test, satiated and normovolemic rats [8] or rats previously submitted to sodium depletion (present results) ingest similar amount of 0.3 M NaCl after muscimol into the LPBN (around 40 ml). Hungry rats that have also food available ingested a little less of 0.3 M NaCl (around 25 ml in 4 h) perhaps due to the competition between the two behaviors, i.e. because the time rats have to spend ingesting food. Therefore, these results suggest that the facilitatory effect of muscimol on sodium intake is independent on the initial physiological state of the rats. In sodium depleted rats, muscimol induced an early inhibition (first 15 min), however, from 30 to 120 min of test, muscimol into the LPBN increased 0.3 M NaCl intake and at the end of 3 h test the amount of sodium ingested is similar if rats were satiated or sodium depleted. It seems that the inhi- bition and the facilitation of sodium intake by muscimol into the LPBN may also be related to the action of two different mechanisms in two different conditions. First an inhibition of sodium intake in a sodium depleted rat (first 15 min) and then a facilitation of sodium intake in a non-depleted (or no longer sodium depleted) rat (from 30 to 120 min). By this hypothesis, muscimol into the LPBN inhibits sodium intake if rats are sodium depleted. However as soon as rats had ingested sodium and water enough to recover from the depletion, muscimol into the LPBN start to induce more sodium intake similarly it does in satiated and normovolemic rats. It is important to note that not only sodium, but also food intake was inhibited at the same time by muscimol into the LPBN, suggesting a more general inhibition of ingestive behaviors. To produce this dual effect on sodium intake, immediately after the injection into the LPBN, muscimol may increase the action of LPBN inhibitory mechanisms, while late it blocks LPBN inhibitory mechanisms to facilitate sodium intake. Different studies have shown that GABAergic activation can produce dual effects (inhibitory and facilitatory). In the neonatal rat, GABA produces excitatory and inhibitory effects on the hippocampus network activity [22] . In addition, GABA A receptors have a dual action on the secretory process of melan-otrophs of Xenopus laevis: an inhibitory action associated with chloride channels and an excitatory signaling related direct or indirectly to AMPc production [19] . Studies have also showed that GABA has an excitatory (mediated possibly by GABA A receptors) and an inhibitory effect (mediated by GABA A and GABA B receptors) on the neurotransmission in the superficial gray layer [2] .
Increases in arterial pressure may reduce sodium intake [20, 5, 42, 41] and muscimol into the LPBN produces a small increase on arterial pressure in satiated and normovolemic rats [8] . Therefore, if the same increase of arterial pressure occurs in sodium depleted rats, the early inhibition of sodium depletioninduced sodium intake by muscimol into the LPBN might also be related to the immediate increase of arterial pressure produced by the injections of muscimol. Although the increase in arterial pressure persists for at least 2 h after muscimol into the LPBN, pressure receptors may adapt later reducing the inhibitory signals which could allowed the late facilitatory effects of muscimol on sodium intake. Due to the long delay (30 min to 2 h), the increase of sodium intake might be a secondary effect of muscimol into the LPBN and increases in renal excretion would be one possibility. However, muscimol into the LPBN produces non-significant effects on renal excretion in satiated rats [8] , which suggests that sodium intake produced by muscimol into the LPBN is not a consequence of increases in renal excretion. Another question is if muscimol is still acting on GABA A receptors 1-2 h after the injection into the LPBN. To clarify this point, in a previous study in normovolemic rats [8] , it was injected the GABA A receptor antagonist bicuculline into the LPBN 1 h after muscimol and the increase of sodium intake was completely blocked which suggests that muscimol produces a long lasting activation of LPBN GABA A receptors and this is essential to increase sodium ingestion.
Although the activation of GABA A receptors in the LPBN strongly affects sodium intake, the blockade of GABA A or GABA B receptors of the LPBN with bicuculline or CGP 35348 did not affect sodium depletion-induced sodium intake, which suggests that activation of LPBN GABAergic mechanisms is not an essential step for sodium intake induced by sodium depletion. Therefore the physiological role of LPBN GABAergic mechanisms in the control of sodium intake is still not completely clear. Although activation of GABAergic mechanisms is not necessary for sodium depletion-induced sodium intake, they may modulate sodium intake in a different situation not yet tested like mineralocorticoid-induced sodium intake or the facilitation of sodium intake by hypotension. Muscimol into the LPBN in normotensive rats increases arterial pressure [8] , which suggests that GABAergic mechanisms of the LPBN may act physiologically to counterbalance hypotension.
In summary, although GABA A receptor activation in the LPBN produces an early inhibition and a late facilitation of sodium depletion-induced sodium intake, GABA A receptors in the LPBN are not tonically involved in the control of sodium depletion-induced sodium intake. Both sodium and food intakes were inhibited by muscimol into the LPBN, but only sodium intake was increased later; and sucrose intake was hardly altered. The results suggest that the facilitation of sodium intake in sodium depleted rats is not due to non-specific effect of GABA A receptor activation of the LPBN on all ingestive behaviors.
